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FOREWORD
This is the sixth and final Task Summary Report submitted under
Contract NAS5-11V7, "Design, Development, and Testing of Engineering Model
Nominal 20-Mi11ipound Thrust Monopropellant Hydrazine Resistojet." The
program originated in the Auxiliary Propulsion Branch of the NASA/Goddard
Space F l i g h t Center. Mr. Dennis Asato is the Technical Officer for
NASA/GSFC. Mr. Charles K. Murch is the Project Manager for TRW Systems
Group.
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1.0 INTRODUCTION AND SUMMARY
The "Design, Development, and Testing of an Engineering Model Nominal
20-Mi11ipound Thrust Monopropel1 ant Hydrazine Resistojet Program" is
directed toward the advanced development of an Electrothermal Hydrazine
Thruster (EHT). The EHT decomposes hydrazine thermally and expands the
decomposition products through a nozzle to provide the. impulse necessary
to f u l f i l l spacecraft propulsive requirements. The thruster is capable of
operation at pulse widths from 0.050 second to steady state and delivers
specific impulse values up to about 230 seconds depending on the duty cycle.
The program is comprised of six tasks including analyses, the generation of
specifications and other documentation, design, fabrication and test, data
correlation, and recommendations for the design of flight units. The first
five tasks are summarized in references 1 through 7; this document includes
drawings and specific recommendations for flight.
The Engineering Model EHT described in Reference k is considered to be
flight worthy except for minor design concessions to facilitate testing.
This thruster successfully demonstrated 300,000 cycles and 30 hours of
steady state operation. The demonstrated lifetime and performance are
considered adequate for many flight applications. During the course of
the Engineering Model tests, however, areas of potential improvement to the
design were noted. These are discussed in Section 2.0 of this report.
Section 3.0 includes component and assembly drawings for the EHT.
2.0 RECOMMENDATIONS FOR FLIGHT DESIGN
The overall configuration of the Engineering Model EHT is shown in the
cut-away drawing in Figure 1. The thermal, mechanical and electrical inter-
faces, in general, are compatible with an existing GSFC spacecraft (ATS-F)
propulsion subsystem. The Engineering Model tests to which the EHT was
subjected are believed to be more severe than the performance portion of
the qualification tests required for that spacecraft. On the basis of
these tests, the Engineering Model design is believed capable of f l i g h t
qualification for many applications with a minimum of redesign effort. The
next section of this report discusses those minor changes necessary for a
flight application. Subsequent sections discuss improvements of a more
general nature which are believed to be applicable to all small hydrazine
thrusters —both electrothermal and catalytic.
2.1 General Configuration for a F l i g h t Application
As indicated earlier, the overall configuration is compatible with an
existing propulsion subsystem. A few minor design concessions were included
in the Engineering Model design for ease of test and disassembly.
A chamber pressure tap was included for test purposes. Most flight
applications would not require a pressure tap; this is reflected in the
nozzle, drawings in the next section. As an alternative, flight units could
be fabricated and acceptance tested with a chamber pressure tap which could
then be crimped, cut off, and welded shut prior to flight.
The outer canister of the EM-EHT (Engineering Model EHT) is a three-
piece unit which retains the insulation package. For a flight application,
the canister should be more structurally sound. This could be accomplished
by spot welding after acceptance test. As an alternative, the outer can-
ister could be manufactured as a one-piece cup which would be welded or
bolted to the bracket after the acceptance test.
Fina l l y , the heater lead wires should be provided with a strain-relief
device. This could be accomplished with a standard electrical receptacle
brazed to the outer canister or with an arrangement s i m i l a r to that used on
the valve as shown in Figure 1.
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2.2 Potential Improvements to the Basic Design
During the course of the Engineering Model tests three areas of
potential improvement were noted. These relate to heater manufacturabi1ity ,
thruster materials, and thruster injector design. None of these are unique
to the electrothermal hydrazine thruster; all have been encountered previ-
ously by TRW and other investigators working with small catalytic thrusters.
Heater Element Manufacturabi1ity. The heater element design used on
the Engineering Model EHT is the same as that used for catalyst bed and
lin e heaters on several flight systems. The r e l i a b i l i t y of this type of
heater has been demonstrated by a cumulative total of tens of thousands of
hours of failure-free operation -in space and real-time ground testing of
about 2000 hours at 1800°F on a number of i n d i v i d u a l units.
The heater units are differentially swaged by the manufacturers in a
number of "standard" diameters, each of which requires special tooling.
Should a requirement exist for a specific diameter for which no tooling
exists, the manufacturer would embark on a small development program. The
i n i t i a l result is l i k e l y to be sub-standard. This was the case with one
lot of heaters procured for the EHT program. U n t i l the time of fabrication
of the last three EM thrusters, a standard configuration heater was used.
No failures were encountered in more than two years of development testing
with perhaps 20 different thrusters.
Twelve special-order heaters were procured for the EM thrusters.
These units were purchased with a specific resistance, diameter, and max-
imum length. All were examined by X-ray testing and found to be of ques-
tionable quality. One of the units experienced a failure in the lead
section.
For a flight program, a new heater element configuration must be
treated as any other unqualified component, and not accepted on the basis
of s i m i l a r i t y to a proven design. This implies vendor surveillance, quali-
fication and screening tests, and a component acceptance test.
Thruster Materials. Small hydrazine thrusters, both catalytic and
electrothermal, use small diameter injector tubes. These tubes are typi-
cally in the size range of 0.005 to 0.015 inch. Larger hydrazine thrusters
have relied on stainless steel and super alloy materials, notably Haynes 25
(also called L-605) , for injector materials. For these applications, the
relatively slow n i t r i d i n g rate of Haynes 25 has been adequate. For
thrusters smaller than about 0.5 pound thrust, however, even a small amount
of n i t r i d i n g in the injector has proven detrimental for long life missions.
Whi l e the material.strength may not be degraded significantly, a small
nitride layer may change the effective injector diameter to a significant
degree. This results in an increased pressure drop and decreased thrust.
This phenomenon was observed in the EM EHT and is reported in Reference 4.
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Noble metals, notably platinum-10 percent i r i d i u m , have been found to
be much more nitride-resistant to hydrazine than the super alloys. A
development model EHT with a Pt-lOIr injector was cycled 10° times. ' Post
test inspection showed no evidence of n i t r i d i n g or materials degradation of
the injector. For long-life missions, the use of noble-metal injectors
should be investigated further.
Injector Design. The injectors of most small hydrazine thrusters have
a large length-to-diameter ratio to provide a pressure drop sufficient to
prevent chamber pressure oscillations from influencing the supply pressure.
The injector also supports a very large temperature gradient since it is
attached at one end to the control valve at ambient temperature and the
thrust chamber at the other end. Under steady state conditions the thrust
chamber may reach 1700°F. These two factors combined result in the injector
being a very efficient heat exchanger. Heat from the injector is trans-
ferred into the incoming propellant immediately upstream of the chamber.
If the heat transfer rate is too high, the incoming propellant w i l l be
vaporized. This results in a large pressure drop and a reduced flow rate.
This phenomenon is most severe for short pulses following a steady state
run which heats the chamber to a high temperature.
Performance and pulse shape of the Engineering Model EHT would be
improved if the injector tube diameter were larger — the maximum diameter
being dictated by factors such as injector exit velocity, "tail off" time
due to dribble volume, and decoupling of chamber pressure oscillations from
the supply pressure. The increased instantaneous flow rate at the time the
valve is opened would result in faster chamber pressure rise times, and a
reduced possibility of vaporization in the injector under high chamber
temperature conditions. Since the reduced injector pressure drop would
result in higher chamber pressures, the thrust would be increased propor-
tionally at any given inlet pressure. This increased thrust could then be
decreased by reducing the nozzle throat diameter.
3.0 DRAWINGS
A complete set of Electrothermal Hydrazine Thruster Drawings is
included in this section. The Engineering Model is identified as
X410572-2. The unit is comprised of the following components.
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4.0 CONCLUSIONS
On the basis of the results of the Engineering Model tests, the
thruster is capable of rapid flight qualification to performance and
lifetime requirements applicable to a large class of spacecraft. Only
minor modifications are required to the configuration of the Engineering
Model EHT. .
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